It has been demonstrated by in vitro experiments using inhibitors that CD40L is cleaved from the surface of activated platelets by matrix-metalloproteinases (MMP). Additionally, after granulocyte colony stimulating factor (GCSF) activation of peripheral stem cell donors a MMP elevation is induced, and stem cell products contain a considerable amount of platelets. Therefore stem cell donations (peripheral stem cell apheresis (PBSC) as well as bone marrow (BM) donation) were used as an in vivo model to observe alterations of the sCD40L release kinetic and its effects on the respective stem cell products.
Introduction
Soluble CD40L (sCD40L) is a member of the tumor necrosis family and well known to be a cytokine acting as a potent immune modulator. sCD40L can lead to B-cell immunoglobulin class switching under maturation of dendritic cells, by interaction with its receptor CD40 [8] . Beside the well studied immunological phenomena, sCD40L seems to have effects on platelets and various non hematopoietic cells. So the expression of CD40 and CD40L is not restricted to cells of the immune system. It is known that smooth muscle cells, fibroblasts, keratinocytes and thrombocytes also using CD40/CD40L signalling [8, 12] . It is assumed that sCD40L influences the stability of arterial thrombi and the development of arterial occlusion [2] . sCD40L acting as an inflammatory mediator plays a role in inflammatory diseases such as atherosclerosis, not only by binding to its classical receptor CD40, but also interacting with Mac-1, expressed abundantly on monocytes and macrophages [20] . In addition sCD40L may support coagulation by inducing TF expression on monocytes [2] .
Platelets are assumed to be the major source for sCD40L in the peripheral blood [1, 16] . It has been demonstrated by in vitro experiments using inhibitors that CD40L is cleaved from the surface of activated platelets by matrix-metalloproteinases (MMP) [5, 15] . These effects cause the observed phenomenon of sCD40L accumulation in stored platelet concentrates [3, 8, 17] .
Additionally, after granulocyte colony stimulating factor (GCSF) activation of peripheral stem cell donors a MMP elevation is induced, and stem cell products contain a considerable amount of platelets. Overall, considering these theoretical and clinical findings it can be expected that there is an influence of GCSF administration on sCD40L release in the context of stem cell donation. Therefore stem cell donations (peripheral stem cell apheresis (PBSC) as well as bone marrow (BM) donation) were used as an in vivo model to observe these alterations and its effects on the respective stem cell products.
Material and methods

Donors characteristics
The study included twelve healthy stem cell donors (5 women, 7 men, mean age 42.1 ± 12.3 years (range 24 to 58 years), PBSC n = 6, BM n = 6). Blood samples were taken before and after SC donation. sCD40L levels in plasma samples of peripheral blood and of the respective blood products, as well as platelet count, were determined. Additionally, relative MMP concentrations were determined by respective zymograms.
Written informed consent was obtained from each donor before entry into the study, and the study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the appropriate institutional review committee.
Stem cell products
PBSC products were collected by peripheral stem cell apheresis using a semi-automated haemapheresis procedure (Cobe Spectra, Terumo BCT, USA). BM products were collected by respective puncturing and harvesting a BM volume up to 20 ml/kg BW of the donor. All donors met the national criteria. Before apheresis, a GCSF stimulation was performed (GCSF 10 g/kg BW for five days) to elevate the stem cell concentration in the peripheral blood.
To determine sCD40L concentrations in the plasma of the stem cell products immediately after donation and after 24 h storage 10 ml of each product were filled under sterile conditions in an additional mini bag appendent to the original product system and consisting of the same material as the product bag.
Enzyme-linked immunosorbent assay for sCD40L
sCD40L concentrations were determined in stored blood samples (stored at -70
• C) by a commercially available ELISA kit (QuantikineTM Human sCD40L Immunoassay, R&D Systems, Minneapolis, U.S.A.) using 3,3´,5,5´-tetramethylbenzidine as a substrate for horseradish peroxidase. The sCD40L concentration was calculated by comparing the absorbance rates of the probes determined at 450 nm with a corresponding standard curve. The optical density of each well was determined by a microtiter plate reader (SLT-Labinstruments, Overath, Germany).
Platelet counts were obtained by an automated haematology analyzer (XE-2100, Sysmex Corporation, Japan).
All determinations were performed in duplicate.
Zymography
Zymography was performed on 7% SDS/polyacrylamide gels (SDS-PAGE), containing 0.7 mg/mL gelatin as previously described [14] . In brief, serum samples from peripheral blood or stem cell preparations were resolved in nonreducing Laemmli-buffer (2% wt/vol SDS, 10% glycerol, 0.0625 mol/L sodium dihydrogen phosphate/disodium hydrogen phosphate, pH 7.0, and 0.01% bromophenol blue). To obtain optimal protein resolution, serial sample dilutions of 1:16, 1:32, and 1:64 in Laemmli-buffer were performed. Samples were separated by electrophoresis. Gels were washed 3 times for 10 minutes at room temperature in washing buffer (50 mmol/L Tris-HCl, pH 7.5, 10 mmol/L CaCl2, 1 mol/L ZnCl2, 2.5% Triton X-100, 0.02% NaN3) to remove SDS from the gels. Gels were incubated in washing buffer containing 1% Triton X-100 for 18 hours at 37
• C. Gels were stained with Coomassie Brilliant Blue R-250 (0.2%) in 40% methanol and 10% acetic acid. Intensity of MMP-2 and MMP-9 bands was quantified on a Gel Doc 1000 with Quantity One software (Bio-Rad) as described [14] .
Statistical analysis
Results are expressed as mean value ± standard error of the mean (SEM). To test for significance of differences between the mean values of the controls vs. the mean values of treated groups, the unpaired Mann-Whitney-test was used. A p value < 0.05 was considered to be significant.
Results
Cell counts
The PBSC stem cell products showed 9.7 ± 4.3 × 10 ∧ 10 MNC (31.8 ± 12.4% granulocytes), 6.5 ± 3.8 × 10 ∧ 8 CD34+-cells, 4.0 ± 0.9 × 10 ∧ 11 platelets in 279 ± 112 ml. The BM stem cell products showed 1.9 ± 0.7 × 10 ∧ 10 MNC, 3.7 ± 1.3 × 10 ∧ 8 CD34+-cells, 0.5 ± 0.3 × 10 ∧ 11 platelets in 1076 ± 356 ml.
Matrix-Metallo-Proteinases (MMP)
After GCSF-stimulation in preparation for peripheral stem cell apheresis an increase in MMP-9-and MMP-2-concentrations of the peripheral blood could be observed (Fig. 1) . In addition, the sCD40L release kinetic per minute in the respective whole blood and PRP samples (comparison between MMP activities before and after GCSF stimulation) was elevated about 2-fold (Fig. 2) .
After stem cell donation, there was also in parallel to the MNC accumulation a significant increase in MMP-9-and MMP-2-concentrations of the plasma in PBSC as well as BM products (Fig. 3) . Fig. 1 . Semiquantitative analysis of MMP-2-and MMP-9-concentrations by determing the optical densities of respective zymograms using peripheral blood of allogenic stem cell donors (n = 6) before and after GM-GCSF-stimulation (5d, 10 g/kg BW). Data are given as mean ± SEM, * p < 0,05 compared to baseline, Mann-Whitney-Test. Fig. 2 . sCD40L release kinetic determined from whole blood and platelet rich plasma (PRP) of healthy allogenic PBSC donors (n = 6) before and after GCSF stimulation(5d, 10 g/kg BW). The blood samples were incubated for 60 min at 37 • C. Data are given as mean value ± SEM, * p < 0,05, Mann-Whitney-Test.
sCD40L concentrations
In peripheral blood of PBSC donors and BM donors plasma sCD40L levels were in a range between 15 -340 pg/mL (PBSC 127 ± 84 pg/mL, BM 102 ± 71 pg/mL). There was no significant difference between the PBSC and BM donors.
In PBSC donors, a platelet loss was accompanied by a significant lowering of sCD40L concentrations in peripheral blood samples (p < 0.05, Student's t-test, correlation coefficient r = 0.9 corresponding to the platelet count) (Fig. 4) .
In apheresis stem cell units, the platelet count showed normally pathophysiological levels and ranged from about 900/nL up to 3000/nL. In parallel, sCD40L concentrations were elevated substantially above peripheral blood levels to a range from about 400 pg/mL up to 1,200 pg/mL (670 ± 137 pg/mL). The sCD40L concentrations were elevated substantially above peripheral blood levels (p < 0.05 compared to peripheral blood).
In stem cell units collected from bone marrow, the sCD40L concentrations reached also a pathophysiological range from about 600 pg/mL up to 1600 pg/mL (983 ± 421 pg/mL) in comparison to the peripheral blood. The platelet count in the bone marrow showed a reduced range from 80/nL to 160/nL. After 24 h storage, PBSC as well as BM SC products showed an accumulation of sCD40L (PBSC 2098 ± 563 pg/mL, BM 1554 ± 817 pg/mL) (Fig. 5 ).
Discussion
In this study it could be observed that sCD40L reached substantial levels in stem cell products resulting in a sCD40L accumulation during product storage. This phenomenon is supported by increased MMP concentrations caused either by predonational GCSF stimulation in the peripheral blood or leukocyte enrichment in the platelet-rich SC products. In addition, sCD40L expression in plasma samples of peripheral blood was dependent on platelet count.
In the literature, for plasma sCD40L of the peripheral blood a range between 40 -240 pg/mL (Chew, et al.) , [16] is described. These levels could also be found in the examined allogenic stem cell donors.
In contrast, in stem cell products we could observe pathophysiological sCD40L levels. These observations are in line with the observations on sCD40L release in platelet concentrates [17, 18] . In support Woods et al. [19] described a sCD40L increase after a 48 hour storage period in products obtained by peripheral stem cell apheresis of allogenic donors.
Due to the descriptions by Domanovic et al. and Klein et al. that GCSF administration resulted in MMP activation [6, 10] we could observe in the PBSC donors after GCSF stimulation an increase in MMP concentrations. These descriptive data could be confirmed in our study by functional data showing also an elevated sCD40L release kinetic. Additionally, it is known that MMP activities are triggered by leukocytes [7, 11] . In line with these expectations we found elevated MMP concentrations in the leukocyte enriched SC products. These sCD40L alterations are in line with the sCD40L accumulation during the storage period, especially in cause of the high platelet contain of stem cell products.
At least Khan et al. and Phipps et al. [9, 13] demonstrated in an experimental work that sCD40L levels could be indirectly involved in the development of adverse transfusion reactions. But due to a lack of sufficient data regarding the pathophysiological sCD40L levels in the stem cell products under clinical routine use one may currently only speculate on effects of sCD40L influencing directly the haematopoietic stem cells in the product itself or triggering adverse transfusion reactions.
These theoretical and clinical findings show that there is a sCD40L accumulation in stem cell products triggered by elevated MMP activities. However, the pathophysiological meaning is based only on speculative considerations. But these may help to initiate respective experimental and clinical studies.
